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Abstract. During the last two decades, along the wellknown microsporidian Nosema apis, a 
new species – N. ceranae – is continuously spreading across the world where the western honeybee 
(Apis mellifera) is kept and bred by both professionals and hobbyists. Recent studies revealed that this 
species which jumped host from the asian honeybee (Apis cerana) to the more common western 
honeybee is present at least in the two American continents, Europe, Asia and Australia. Although the 
traditional standard diagnosis method is by visually detecting the Nosema spp. microspores by light 
microscopy, this approach can’t make the difference between the two species. Thus, a much reliable, 
accurate and sensitive diagnosis method is by molecular techniques, like multiplex PCR, RFLP, Real 
Time qPCR or Microarray methods. These main molecular techniques are briefly presented as well, 
along with the differences between the two species at the amplified DNA fragments level. 
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INTRODUCTION 
 
Some of the most notorious and widely distributed honeybee parasites are the 
microsporidiae of the genus Nosema.  Nosema contains more than 150 species, most of them 
infecting invertebrate hosts (Higes et al., 2006). In case of the honeybee Apis mellifera, the 
only known species for over a century was N. apis, first reported by Zander in 1909 (Huang et 
al., 2008). Yet, recent studies revealed the spread on the European continent of a new species 
originating from Asia, N. ceranae, a parasite occurring naturally in the Indian honeybee Apis 
ceranae. N. ceranae was discovered in 1994 around Beijing, China (Paxton, 2010) and firstly 
described in 1996 (Fries, 2010), based on differences at gene sequences level and several 
ultrastructural elements (Martin-Hernandez et al., 2007) like the polar filament coils (Huang 
et al., 2008). During last years, conflicting results gave several phylogenetic links between N. 
ceranae and N. apis, most of the studies including a third species common to bumble bees, N. 
bombi. A more detailed analysis, which included a multiple sequence data sets for each 
species concluded that N. ceranae is a sister species to N. bombi, N. apis being a basal 
member of this group (Shafer et al., 2009). Both species of microsporidiae infect the epithelial 
cells in the gut ventriculus of the bees, in case of Nosema ceranae some studies suggesting 
that the parasite occurs in other tissues as well (Chen and Huang, 2010). The infecting forms 
of the parasites are the spores, ingested by the adult host insects. Thus, the main sources of 
infection are the combs contaminated with faeces from the sick bees (Fries, 1988; Webster et 
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al., 2004). The adult bees become infected after eating contaminated food or by cleaning up 
the diseased bees (Chen et al., 2008). Usually the spores eliminated with faeces are viable for 
more than a year (Mărghitaş, 2005; Maistrello et al., 2008). Nosema spores were detected 
even in the corbicular pollen of the foragers (Higes et al., 2007). The Nosema disease is 
spreading from colony to colony both by horizontal (by robbing or drifting) or vertical 
(swarming) transmission, although the vertical pathway is supposedly more common (Fries 
and Camazine, 2001). After ingestion and reaching the ventriculus, the spores germinate by 
the extrusion of the polar tube (Gisder et al. 2010), which, after piercing the epithelial cell 
membrane, injects the sporoplasm into the host cell, initiating the proliferative phase.  
N. apis reduces life span and weakens the colony in Apis mellifera (Webster et al., 
2004; Klee et al., 2007), which eventually may cause colony death in temperate climates  
(Higes et al., 2006-2; Williams et al., 2008). Recently, several authors suggested that N. 
ceranae represents a more significant threat for the western honey bee, due to it’s higher 
virulence, which often induces high mortality in honeybee populations (Gisder et al., 2010), 
particularly in autumn and winter (Higes et al., 2008). N. ceranae is currently considered an 
important pathogen involved in the so called Colony Collapse Disorder (CCD) phenomenon 
(Tokarz et al., 2011). According to some authors (Higes et al., 2008; Martin-Hernandez et al., 
2007), the risk of colony depopulation of N. ceranae infected hives is six times higher than in 
uninfected colonies. Prevention and treatment methods for Nosemosis include condensing the 
brood nest, utilizing new foundation combs, assuring a sunny and relatively dry apiary 
exposure, or ensuring a wide variety of spring flora to the foragers (Formato and Smulders, 
2011). Nosema infections induce higher sugar consumption in bees, and a significant change 
in social behavior like reducing the food sharing between diseased individuals (Naug and 
Gibbs, 2009). Experimental studies revealed that bees under physiological immune response 
challenge have a significantly lower learning ability, like the association of an odor with a 
sugar (Mallon et al., 2003), which could affect their survival capacity under any infection 
condition. Mayack and Naug (2009) found that the bees infected with Nosema ceranae 
showed a higher hunger level than the controls, their survivability being significantly lower, 
due to the energetic stress imposed by the presence of the parasite. The disruptions in resource 
availability and subsequent imbalance in colony structure or organization can amplify the 
Nosema related adverse effects as well (Naug and Camazine, 2002).  
A surprising result was obtained by Antunez et al. (2009) by experimentally infecting 
honeybees with N. apis and N. ceranae spores. The infections induced a different immune 
response for N. ceranae compared to N. apis. The N. ceranae infection suppressed the 
expression of several antimicrobial peptide and protein genes, contrary to N. apis, which 
increased the expression level of the same genes. The immune response and the infection 
level vary greatly due to several physiological, genetic, or environmental factors, which 
individually or in interaction with each other affect the health status at both the individual and 
the colony level.Experimental studies on bumble bees revealed that genetically heterogeneous 
colonies have reduced parasite loads in terms of intensity of infection or number of 
parasitizing species, including for N. bombi (Liersch and Schmid-Hempel, 1998). It is 
possible that the virulence of N. ceranae is also strain dependant, which can induce different 
effects on honeybee colonies depending on geographical regions (Williams et al., 2010).  
One of the most important aspects to elucidate the mechanisms involved in honeybee 
colony health are the multiple interactions between the various factors which affect the 
viability of honeybee populations, in particular those between host, parasites, pathogens and 
pesticides (Moritz et al., 2010). The analysis of these integrative effects revealed a significant 
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decrease of glucose oxidase activity in the presence of both Nosema microspores and 
imidacloprid (a neonicotinoid pesticide), compared to the controls or those treated with only 
Nosema or imidacloprid groups (Alaux et al., 2010). 
 
GEOGRAPHICAL DISTRIBUTION 
 
Today Nosemosis is a worldwide disease present in every beekeeping country (Aydin 
et al., 2006; Klee et al., 2007), although some sources reported in 2002 that it was spread in 
only about 43 % of the countries with apicultural activity  (Chioveanu et al., 2004). 
After the discovery of the N. ceranae in China in 1996 (Klee et al., 2007) in A. cerana 
colonies, this microsporidian was found as a parasite of A. mellifera in Taiwan in 2004. In 
2005, it was detected in Spain and in France (in this country the analysis revealing it’s 
presence at least between 2003 and 2005) (Klee et al., 2007). It seems that N. ceranae was 
present in Europe at least since 1998 (Invernizzi et al., 2009; Paxton, 2007) in Finland, and in 
USA since 1995 (Chen et al., 2008; Invernizzi et al., 2009).  
Paxton et al. (2007) found on samples from Finland from 1996-2006 that N. ceranae 
had been present in this country at least since 1998 and its frequency increased relative to N. 
apis during that period of time. Klee et al. (2007) reported N. ceranae to be present in A. 
mellifera colonies in Europe in France, Germany, Spain and Swizerland; in Asia in Taiwan 
and in America in Martinique. In conclusion, in 2007 N. ceranae was present in A. mellifera 
colonies already on three continents: Asia, Europe and America. Martin-Hernandez et al. 
(2007) identified two different periods in Nosema spp. prevalence in Europe. Thus, in 1999-
2002, during summer months Nosema apis spore concentration was only found at low levels, 
suggesting a seasonal prevalence variation for this species. However, between 2003 and 2005, 
the infestations increased regardless of the season and in 2005 the differences between the 
frequency of Nosema-positive samples at seasonal level were no longer statistically 
significant. In other European states like Croatia (Gajger et al., 2010) or Romania (Schlüns 
and Aurori, unpublished data) molecular analyses identified until now only N. ceranae in the 
samples collected from different parts of the countries. Unlike the results of Martin-
Hernandez et al. (2007), Runckel et al. (2011) found a significant seasonal variation of N. 
ceranae infections in the US, which peaked in early spring and late summer in 2009. 
Nevertheless, the authors admitted that the lower winter levels could be induced by the 
antifungal treatments, and a seasonal variation cannot be ruled out, at this stage of the study.  
In the USA, Chen et al. (2008) found only N. ceranae in samples collected between 
1995-2007 from twelve states covering the Northeast, Southeast, Midwest, Southwest and the 
West regions (including the state of Hawaii). In average, 16% of the bees were positive for N. 
ceranae, none of them being infested with N. apis. Subsequent studies on the honeybee 
microflora from populations affected by Colony Collapse Disorder (CCD) revealed that N. 
apis was still present in the North American populations, though at significantly lower 
infection rate than N. ceranae (Chen and Huang, 2010). Thus, the infection rate of N. ceranae 
in CCD and control colonies was 55% and 50% respectively, and in case of N. apis was 29% 
for CCD and 18% for the controls. On the North American continent, N. ceranae has been 
detected in Canada as well (Williams et al., 2008). Plischuk et al. (2009) reported for the first 
time the identification of N. ceranae in bumblebees of South America (Argentina), the only 
microsporidian known to infect bumblebees until then was Nosema bombi. The N. ceranae 
positive individuals were sampled during the 2005-2008 period. In the same study, some 1987 
caught bumblebees were also analyzed, and none of them were positive for any of the 
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microsporidian species tested (N, bombi, N. apis, and N. ceranae). Because N. ceranae was 
detected in populations from two distant regions of Argentina with substantial honeybee 
populations, the authors concluded that the newly emerging pathogen for the native 
bumblebee species (Bombus atratus, B. morio and B. bellicosus) might have spilled over from 
A.  mellifera. Invernizzi et al. (2009) analyzed honeybee samples from Uruguay for N. apis 
and N. ceranae presence, and found only N. ceranae in all samples. Since the oldest sample 
was taken before 1990, N. ceranae must have spread in South America at least two decades 
ago. Compared to some data regarding the situation in Europe, the presence of N. ceranae in 
Uruguay cannot be related to colony losses. 
The recent findings of current geographical distribution of N. ceranae compared to N. 
apis suggests that only in Australia N. apis still has an advantage over its Asian competitor. 
The infection rate of N. apis was in 2009 of 46.3% compared to 15.3% of N. ceranae (Chen 
and Huang, 2010). Because older samples of honeybees contain only N. apis parasites, it is 
easy to assume that A. mellifera was not an original host for N. ceranae and only recently this 
species switched hosts from A. cerana (Paxton, 2010). The results from Finland (Paxton et al., 
2007) and from other data suggest that N. ceranae can eliminate by a better survivability and 
higher virulence the other species, N. apis. The experiments of Martin-Hernandez et al., 
(2009), which involved artificial infections on bees with spores from both microsporidian 
species proved a better adaptation of N. ceranae to temperature and a capacity of infecting a 
higher number of host cells than N. apis. The replacement of N. apis by N. ceranae seems to 
be independent of the spore viability in the environment, because the spores of N. ceranae are 
less durable in freezing condition (Fries, 2010). Contrary to the experiments of Martin-
Hernandez et al. (2009), the in vivo infection experiments of Forsgren and Fries (2010) 
showed minor differences between the multiplication rate of N. ceranae compared to N. apis. 
Similarly, the individual bee mortality was slightly higher (but not significantly different) for 
N. ceranae infections. The authors concluded that N. ceranae not necessarily has a 
competitive advantage over N. apis, neither during separate or mixed artificial infections.  
According to Webster et al. (2004), several observations suggested that transport of 
honeybee colonies greatly facilitated the spread of N. apis throughout the entire US. 
Similarly, Klee et al. (2007) consider that the world trade with honeybees, either by 
commercial or hobbyist beekeepers is the main reason for the rapid expansion of N. ceranae.   
 
METHODS OF DIAGNOSIS 
 
The standard diagnosis method for Nosemosis is by light microscopical analysis and 
visual identification of the Nosema spp. microspores (Shimanuki and Knox, 2000; Jilian et al., 
2005). The lack of clear morphological differences between the spores of the two Nosema 
species using light microscopy asked for novel identification approaches by molecular 
analyses. Another disadvantage of the microscopical method (either light or electron 
microscopy) is that it is unreliable in case of early or light infections (Klee et al., 2006). 
Infections below 50.000 spores per bee cannot be detected by light microscopy 
(Hamiduzzaman et al., 2010). 
In order to increase the diagnostic quality several methods were developed, including 
immunofluorescent staining, antigenic or biochemical analysis (Klee et al., 2006), or 
molecular techniques. Until now, the molecular analysis is considered the gold standard and 
the most accurate diagnosis, because its high specificity and allows for the detection of 
Nosema at any developmental stages (Klee et al., 2006), not only at the microspore level. A 
  
67
standard PCR amplification followed by DNA fragment sequencing can be used to identify 
the species of Nosema parasites (Higes et al., 2006a; Higes et al., 2006b) 
The molecular method requires the use of specific primers and subsequent 
amplification of the DNA fragments by PCR. By choosing specific fragments of different 
base pair lengths for each Nosema species isolated from the microspores, after PCR 
amplification and subsequent electrophoretic migration of the products a reliable way of 
species identification can be made. One of the most effective solutions is to use a multiplex 
PCR system where the fragments of both species are amplified in the same reaction. These 
fragments can be those from the 16S rRNA ribosomal subunit from N. apis and N. ceranae 
genome (Martin-Hernandez et al., 2007; Hamiduzzaman et al., 2010; Gajger et al., 2010). 
Thus, each of the two primer pairs are designed to amplify exclusively target sequences from 
the 16 S ribosomal subunit of one of the two Nosema species. Two specific primer sequences 
for the two Nosema species identification are presented in Table 1. In this particular case, the 
N. ceranae specific fragment has a total length of 218-219 bp, compared to the 321 bp 
fragment from N. apis. Obviously, in case of multiplex PCR methods the same melting 
temperature for the two or more primer pairs in essential (Martin-Hernandez et al., 2007). 
Tab. 1  
Primers used for N. apis and N. ceranae detection in multiplex PCR method 
(Martin-Hernandez et al., 2007, Hamiduzzaman et al., 2010; Gajger et al., 2010) 
 
Primer 
identification Primer sequence 
Amplicon 
lMETHODSenght Specificity 
218MITOC-FOR 
218MITOC-REV 
5’-CGGCGACGATGTGATATGAAAATATTAA-3’ 
5’-CCCGGTCATTCTCAAACAAAAAACCG-3’ 218-219 N. ceranae 
321APIS-FOR 
321APIS-REV 
5’-GGGGGCATGTCTTTGACGTACTATGTA-3’ 
5’-GGGGGGCGTTTAAAATGTGAAACAACTATG-3’ 321 N. apis 
 
Another system uses a PCR -RFLP method, by quantifying partial rRNA, like the SSU 
rRNA fragments. Klee et al. (2007) and Paxton et al. (2007) obtained the amplification of a 
ca. 400 bp fragment of the 16S rRNA gene of Nosema and subsequently digested it with three 
restriction enzymes (PacI, NdeI and MspI) which result in different fragments according to 
the two microsporidian species: 175 bp, 136 bp and 91bp for N. apis, and 177 bp, 116 bp and 
104 bp for N. ceranae, respectively. Bourgeois et al. (2010) used a genetic detection of N. 
apis and N. ceranae by Real Time PCR assay and were able to detect even only a single 
Nosema spp. spore/bee.  The Real Time qPCR detection method was successfully used to 
quantify the spore levels of both species of microsporidiae, by calibrating the results of the 
spore counts made by microscopy. The quantitative PCR method was used as well by 
Forsgren and Fries (2010) to quantify the putative competition within host between N. 
ceranae and N. apis. The same aspect was studied by Chen et al., cited by Chen and Huang 
(2010). Nosema sp. analysis was performed with microarray detection by Runckel et al. 
(2011). They used the Arthropod Pathogen Microarray method (APM), which represents a 
custom DNA microarray that can detect over 200 arthropod associated viruses, bacteria and 
parasites. The APM method identified both N. ceranae and N. apis, together with Varroa 
destructor and 7 different viruses in several honeybee populations from USA. 
 
CONCLUSIONS 
 
Currently, the data gathered from various sources yields contradictory information 
about the pathogenic effect of N. ceranae on colony mortalities throughout the world. 
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Genersch et al. (2010) reported no effect of N. ceranae upon winter losses in Germany 
apiaries, where only 0.7% to 2.4% of the colonies being considered strongly infected in a 
comprehensive study which covered more than 1200 bee colonies during a period between 
2004–2008.   
These results are contradictory to those of Martin-Hernandez et al. (2007) who found 
a relationship between the presence of N. ceranae and honeybee depopulation in Spain. The 
role of N. ceranae in colony collapse should be still considered unclear, since this species is 
widespread and often detected in healthy colonies as well (Runckel et al., 2011). In the near 
future, probably the use of additional genetic markers will give an accurate answer on the 
timing and spacing of geographical spread of N. ceranae (Paxton, 2010). 
Future studies regarding the effects of N. ceranae upon colony viability regardless the 
genetic potential of the populations and geographic region will be significantly enhanced 
through international efforts like those induced by programs like COLLOS (Prevention of 
Honeybee Colony Losses). This represents a global network of 39 countries and a total of 
more than 150 partners from all over the world, who coordinate their research activities in 
order to prevent the large-scale losses of honeybee populations (Moritz et al., 2010). 
Although it is difficult to draw a conclusion upon the coexistence of the both microsporidian 
species in A. mellifera populations, all identification methods suggest that currently, N. 
ceranae is displacing N. apis in most regions all around the world (Shafer et al., 2009; Moritz 
et al., 2010). In case of the pathogen diagnosis the near future will focus on some modern and 
more comprehensive technologies like microarrays, metagenomic analyses, and next 
generation DNA sequencing. These techniques have the potential of inducing a significantly 
higher amount of data regarding the monitored pathogens and the genetic and biochemical 
response of the affected organisms. 
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